Fast pyrolysis and upgrading is a promising thermochemical pathway that produces pyrolysis oil that can be upgraded via hydroprocessing into hydrocarbon-based transportation fuels (drop-in biofuels). The internal rate of return (IRR) of a fast pyrolysis and upgrading facility is a function of feedstock cost and projected revenues. We calculate the IRR of a fast pyrolysis and upgrading facility under six different policy scenarios: (1)a baseline scenario in which the facility receives no government support; (2)a scenario in which cap-andtrade (H.R. 2454) is enacted with both carbon price and offsets; (3)a scenario in which the Volumetric Ethanol Excise Tax Credit (VEETC) is modified to include drop-in biofuels; (4)a scenario in which the VEETC is replaced with a variable VEETC; (5)the revised Renewable Fuel Standard (RFS2); and (6)the Cellulosic Biofuel Producer Tax Credit (CBPTC). Combinations of these policy scenarios are also analyzed. We find that the policies responsible for increasing the value of pyrolysis products increase facility IRR the most, whereas policies minimizing facility tax burden have an only marginal effect on IRR. analyzed. We find that the policies responsible for increasing the value of pyrolysis products 17 increase facility IRR the most, while policies minimizing facility tax burden have an only 18 marginal effect on IRR.
Introduction

26
The last decade has witnessed rapid growth in the development and production of hydrocarbons answer to the question of the pathway's economic feasibility as a result.
105
A major advantage to upgrading and refining pyrolysis oil into drop-in biofuels is that the 106 resulting fuels are capable of utilizing the existing fuel infrastructure without any modification 107 (unlike ethanol, which can only be blended with gasoline in quantities of up to 10-15% before 108 necessitating expensive infrastructure upgrades). Drop-in biofuels are identical to petroleum-109 based hydrocarbons for consumers, giving the fuel a significant advantage in light of recent 110 controversy over increasing the ethanol blend to 15% (Wald 2010a ). This also causes fast 111 pyrolysis and upgrading facility income to operate as a function of gasoline prices, as these 112 dictate the value of drop-in biofuels produced by the facility. Raw pyrolysis oil cannot be used as 113 a transportation fuel due to its corrosive and viscous properties, however, and must first be 114 upgraded and refined into drop-in biofuels (Czernik and Bridgwater 2004 Table 2 ) (EIA 2011a).
122
While the ability to produce drop-in biofuels at costs competitive with those of gasoline and will benefit most from policies that increase the market value of the drop-in biofuels it produces 137 rather than those that decrease its tax liability or labor costs.
Federal Incentive Programs for Biofuel
140
Five major government programs incentivizing biofuel production are either in operation or have offsets and the availability of price data from government analyses of the legislation (see Table   181 1). Further information on H.R.2454 and its offsets program is provided by Brown et al. (2011) .
Finally, a baseline scenario is constructed using data from the EIA's 2011 Annual Energy
183
Outlook (EIA 2011a) (see Table 2 ). The purpose of the baseline is to provide an IRR based solely 184 on current macroeconomic forecasts rather than policy scenarios, whether existing or proposed.
Process Model Description
187
A fast pyrolysis and upgrading system converting 2000 dry MTPD of stover to energy products 188 and biochar is modeled using Aspen Plus TM process model software. A schematic of the system is 189 shown in Figure 1 . Table 3 provides the ultimate and proximate analyses of the stover feedstock.
190
The feedstock cost at the pyrolysis facility gate is assumed to be $83 per dry MT, which includes for vapor condensation and collection.
206
The raw pyrolysis oil contains heavy, oxygenated compounds (see Table 4 ) that must be 207 upgraded before significant amounts of high-value hydrocarbons can be derived from it.
208
Upgrading is achieved via hydroprocessing, which is split into two steps. The first step is 209 hydrotreating the raw pyrolysis oil to remove oxygen impurities. This is accomplished by 210 reacting the pyrolysis oil with hydrogen over a cobalt-molybdenum catalyst at 300C-400C and based on the current state of technology and the facility is assumed to be the n th of its kind.
224
Facility online time is 7900 hours/year and investment capital is 100% equity financed. The cost Table 2 ). 20-year averages for each commodity are taken so as to account for future facility's income tax rate from 35% to 0%.
273
The VEETC also serves as a tax credit but can also generate facility income if enough biofuel is to the baseline pre-tax gasoline price. Other baseline assumptions remain the same.
283
The RIN mechanism of the RFS2 represents a $0.07/liter premium to the value of qualifying 284 biofuels. It is simulated here as an increase to the baseline 20-year average pre-tax gasoline price 285 of $0.07/liter, raising it to $82/liter. Other baseline assumptions remain the same.
286
The implementation of H.R. 2454 was projected to increase the prices of NG and gasoline above 287 the baseline. Additionally, it would have added value to each MT of CO 2 sequestered or 288 mitigated in the form of carbon offsets pegged to an annual carbon price (see Table 1 
Numerical Results
301
The fast pyrolysis process design converts 2000 dry MTPD of stover into annual yields of 134 302 million liters of drop-in biofuel, 124,000 MT of biochar, and 818,009 gigajoules (GJ) of fuel gas.
303
Total fixed capital investment is $247 million, of which $53 million is for equipment costs and results in an IRR of 22.69%, which comes closest out of all of the scenarios to attaining the 25% 334 threshold but still falls short. As Figure 5 shows, IRR is largely (but not entirely) driven by the product value, suggesting that a 336 combination of government incentive programs and higher-than-projected gasoline prices could 337 be sufficient to meet the threshold (worth noting at a time when the average U.S. gasoline price 338 is 50% higher (EIA 2011b) than that projected by the EIA for 2011 (2011a).
340
Discussion
341
The results of this analysis demonstrate that while existing and proposed federal government 342 policies can improve the economic feasibility of fast pyrolysis and upgrading as a drop-in biofuel 343 pathway, they are not all equal. This study finds that, to be effective at increasing fast pyrolysis 344 and upgrading facility IRR, policy must focus on increasing the value of facility products and co- 
